phuric acid do not give any substantial coloration with carbazole under the conditions of the procedure (Dische, 1947) for estimating uronic acids. 
In the present work it was found that two other derivatives of furan, 5-formylfuroic acid (I) and 2:5-diformylfuran (II), both give intense colorations under these conditions, and also under the conditions of the modified carbazole reaction which Dische (1950) showed would distinguish between various polyuronides. It appears probable that forrnylfuroic acid is the principal agent responsible for the formation of colour from uronic acids in these two procedures.
MATERIALS AND METHODS Materials
5-Formylfuroic acid (m.p. 1950) and 2:5-diformylfuran (m.p. 1070) were prepared and purified by the methods of Cooper & Nuttall (1912) . Methyl fl-D-glucofuranuronolactone (m.p. 1350) and 1:2-O-i8opropylidene-x-D-glucofuranuronolactone (m.p. 1160) were prepared by the methods of Owen, Peat & Jones (1941) . The sulphuric acid for the reaction at 600 (Dische, 1950) was obtained by adding 6 vol. of H2SO4 (A.R., Hopkin and Williams Ltd.) cooled to 00, to 1 vol. of water in an ice bath. Heparin (Pularin) was obtained from Evans Medical Supplies Ltd. The sources or methods of preparation of all other reagents have been described previously (Bowness, 1957) . Methods Reaction at 1000. Details of this procedure have been described in a previous paper (Bowness, 1957) .
The absorption spectra recorded in Fig. 1 and the absorption values in Table 1 were obtained with a Hilger Uvispek (H. 700) spectrophotometer. Measurements were made 2-0-2-75 hr. after removing the sulphuric acid solutions from the boiling water. The solutions without carbazole were read against a sulphuric acid blank; those with carbazole were read against the blank containing carbazole.
Reaction at 600. The procedure of Dische (1950) was employed, except that 0-2 ml. of a 0.3 % (instead of a 0.1 %) (w/v) ethanolic solution of carbazole was used. Absorption spectra (Fig. 2 and Table 2 ) were obtained as described above for the reaction at 100°. Measurements were made 0-5-1-25 hr. after removal of the solutions from the water bath.
RESULTS

Reaction at 1000
In the presence of carbazole. Table 1 shows that furfuraldehyde and 5-hydroxymethylfurfuraldehyde do not give appreciable colours in the reaction with carbazole at 1000 in sulphuric acid (cf. Bowness, 1957) . Galacturonic acid, glucuronolactone, all derivatives and compounds of glucuronic acid tested in this work (not shown in Table 1 , but listed in Table 2 ) and 5-formylfuroic acid gave a substantial coloration with a principal absorption maxiimum at, or near, 525 mju and a subsidiary maximum at 395 m,. 2:5-Diformylfuran also gave a strong colour with carbazole, but the absorption maxima, at 550 and 430 miz, were quite distinct from those given by formylfuroic acid and the uronic acids. The absorption spectra in the visual region given in the test by glucuronolactone ( Fig. 1) , galacturonic acid and formylfuroic acid were all of the same shape, though the molar intensities of absorption for the complex with formylfuroic acid were considerably higher than for the other two.
Reaction in the ab8ence of carbazole. The absorption curve of formylfuroic acid in sulphuric acid without carbazole differed slightly from that for glucuronolactone ( Fig. 1) and from those for other uronic acid derivatives, but the principal absorption band shown by all these compounds was in the region 298-308 m,u and there was no subsidiary band near 224 m,u as there was for 2:5-diformylfuran.
Glucosaccharic acid heated with concentrated sulphuric acid slowly forms furan-2:5-dicarboxylic acid (Tollens & Yoder, 1901) . This last compound was almost certainly responsible for the bottom curve in Fig. 1 (AmX 272 m,u) obtained with calcium saccharate. The absorption intensity increased considerably when the time of heating was prolonged. On mixing with 3 vol. of water the absorption maximum of this solution approached that observed by Hausser, Kuhn, Smakula & Deutsch (1935) . No coloration was obtained when carbazole was added to this solution, even after standing for 24 hr.
A solution of 5 mg. of glucuronolactone in sulphuric acid, after treatment under the standard conditions of the reaction at 100°, was mixed with 8 vol. of water. Three-quarters of the acid was neutralized with sodium carbonate and the mixture was extracted twice with 50 ml. of diethyl ether. The ether extract was dried over anhydrous sodium sulphate. The absorption spectrum of the ether extract was very similar to that obtained with a solution of 5-formylfuroic acid in diethyl ether. The positions of the absorption maxima were identical (275 m,), but the positions of the absorption minima, below 300 m,, and the ratios of maximum to minimum were somewhat different. The recovery of 5-formylfuroic acid in the ether extract (as estimated by the absorption intensities at A ) was only about 10 % of that in the usual procedure for the reaction at 1000. Reaction at 600. The absorption curves (Fig. 2 ) of formylfuroic acid heated in sulphuric acid at 60° ( Dische, 1950) were almost exactly the same shape as the corresponding curves for galacturonic acid and the glucuronic acid-containing polysaccharides heparin and oxidized cellulose. The corresponding curves for 2:5-diformylfuran were considerably different. Glucuronolactone, glucuronic acid and most of the derivatives and compounds of this acid (Table 2) showed little or no absorption, either in the ultraviolet region without added carbazole, or in the visible region with carbazole. As in the reaction at 1000, furfuraldehyde and 5-hydroxymethylfurfuraldehyde showed little colour formation with carbazole; the absorption maxima in the ultraviolet, without added carbazole, were different from those for formylfuroic acid and the uronic acids. Galacturonic acid (5 mg.), after reaction at 600 and extraction with diethyl ether as described above for glucuronolactone at 100°, showed an absorption spectrum almost identical with that of an ethereal solution of 5-formylfuroic acid. The recovery was similar to that obtained with glucuronolactone at 1000.
DISCUSSION
That 5-formylfuroic acid is the principal lightabsorbing product formed from uronic acids in the reactions in sulphuric acid at both 60°and 1000 is indicated by (a) the almost identical forms of the absorption spectra of the compounds heated in sulphuric acid in the presence and absence of carbazole, (b) the higher molar absorption intensities shown by formylfuroic acid and (c) the absorption spectrum of a solution of 5-formylfuroic acid in diethyl ether having a maximum at 275 m,u identical in position with those shown by ether extracts of glucuronolactone in the 1000 reaction and galacturonic acid in the 600 reaction. The 
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formation of formylfuroic acid from uronic acids is analogous, on structural grounds, to the formation of furfuraldehyde from pentoses, of 5-hydroxymethylfurfuraldehyde from hexoses, and of furan-2:5-dicarboxylic acid from the saccharic acids during treatment of the appropriate compound with a strong acid (for a review see Newth, 1951) . Decarboxylation, which occurs when uronic acids are boiled with hydrochloric acid (Lefevre & Tollens, 1907) and with 25-27 % sulphuric acid (Meller, 1954) , may be responsible, in part, for the difference between the absorption curves for formylfuroic acid and the uronic acids in the ultraviolet region in the reaction at 100°without added carbazole. The principal absorption maximum for glucuronolactone and for galacturonic acid is between those for formylfuroic acid and furfuraldehyde, which is one of the products of the decarboxylation reaction. Under the milder conditions of the reaction at 600 it appears probable that formylfuroic acid is the only product of the reaction of uronic acids with sulphuric acid which absorbs light in the ultraviolet region. It is therefore probably the only furan derivative formed in any appreciable quantity. The E values at A,,.
suggest that conversion of galacturonic acid into formylfuroic acid in the reaction conducted at 600 is 25-8 %. If it is assumed that formylfuroic acid is the only material (among the products of the reaction at 1000) that absorbs light in the ultraviolet region, conversion of glucuronolactone into formylfuroic acid is 59 %, and of galacturonic acid 46 %. It is probable, however, that at 1000 some furfuraldehyde is also formed.
The amount of glucuronic acid in 100 /Lg. of oxidized cellulose or heparin is certainly considerably less than 0*715 1xnole (for estimates of the actual content, by using the carbazole reaction at 1000, see Bowness, 1957 ), yet both of these compounds gave a much stronger reaction at 600 than does the equivalent amount of glucuronic acid or of the derivatives listed in Table 2 . The absorption curves obtained with these two polysaccharides differed little from those of formylfuroic acid and galacturonic acid. It appears that some types of linkage (e.g. fl-1:4 as in oxidized cellulose and to a lesser extent in the relatively unstable methyl ,Bglucofuranolactone) but not others (e.g. o-1:4 as in glucuronosides and 1:2-monoacetone glucofuranolactone) can increase the reactivity of glucuronic acid in the reaction at 600. SUMMARY 1. The absorption spectra in sulphuric acid, with and without carbazole, of 5-formylfuroic acid, 2:5-diformylfuran, furfuraldehyde, 5-hydroxymethylfurfuraldehyde, furan-2:5-dicarboxylic acid and the uronic acids indicate that 5-formylfuroic acid is responsible for colour formation in the carbazole procedures for estimating uronic acids.
2. 5-Formylfuroic acid appears to be the principal material absorbing ultraviolet light formed under the conditions examined.
3. 2:5-Diformylfuran also gives a colour, with a different absorption spectrum, under the same conditions.
4. Glucuronic acid in oxidized cellulose and heparin gives 5-formylfuroic acid more readily than the uncombined material.
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